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(54) Apparatus and methods for completing a wellborn 



(57) Apparatus and methods lor completing a wel- 
bore {fcsciosod. Certain of apparatuo end meth- 
ods use a first packing assembly (202), a second pack- 
ing assembly (204), and a pressurfzation assembly 
(206) deposed between the first and second packing 
ssse n^ e st top^tkaPydetofrneirw(l22)riarBdte^ 
otfward direction vts hryo^aitferxessijre. AiK<herrrwd>. 
od usee a Iner (602) having a first section (604) and a 
second section (606). and a packing assembly (800). 
Tr>e tret section (604) wdetbrmable In a raclaly outward 
direction at a lower pressure than the second section 
(608). The packing assembly (600) isusedtopiasucaly 
deform Ihe first section (604) of the uner (B02)ina mdi- 
aiy outward direction via hydra u 6c pros&urt. 
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Description 

[0001] The present invention pertains to the comple- 
tion of we! taxes, and. more particularly, but not by way 
ot limitation, to improved apparatus and methods foe s 
oomp toting lateral weSbores in mufti tat oral wefts. 
(0003] Horizontal won drUing and production have be- 
come increes*>gry important to *e oi inouslry in recant 
years. VVWIa horizontal wefts have been known lor many 
years, only relatively recently have such wefebeende- *° 
tenrmed to be a cost-eflecOve aJtematrve torxxwentiorv 
al vertical well driBno, Although drilling a rxxlzontal wel 
usually costa more tvm It vertical counterpart, a hori- 
zontal wefl f requenfly improves r^roductkanbyatactorof 
five, ten, or even twenty hi natorafiy^ractured reser- « 
voir*. Generally, prototfed product tiom a 
weebore must trip* that of a vertical welbore tor horV 
zortaJcVMngtobeeoororr^ 
tton rrwiirntees the number of pteflorms. cutting invest- 
ment and operation costs. HoruontaJ driaTng makes » 
reservoirs In urban areas, permafrost zones, and deep 
offshore waters more eccesetote Other eprrfcattons for 
horizontal weibores include periphery wets, thin reser- 
voirs tat would require too many vertical welfccres, and 
reservoirs wfth coning probteme In which s rxxizontel & 
weObore towers the drawdown per tool of reservoir ex- 
posed to stow down coning rxobterns. 
[0009] Some weibores contain multiple weflbores ex- 
tending teteraty from the main weObore. These addhiorv 
al tateraJ weflbores are som eti mes referred to as drain- 
rx^andmatoweBborescortainfigm 
era! weVbore are referred to as muftlateral wens.MufU- 
latefal wees alow an increase in the amount and rate of 
production by increasing the surf ace area of the well- 
bore in contact wsh the reservoir. Thus, muUateral * 
wefts are becoming I rae asto gry important, both from 
the standpoint of new drtting operations and from the 
reworking of existing weSboree. InchKfing remedial and 
stimulation work. 

[0004) Aaaresultcifthetoregotogrcree*^ 40 
ence on and irrportance of horizontal well*, horizontal 
weM completion, and particularly murtaateral wel com- 
pletioa have been important concerns BJto continue to 
provide a host of diftout problems to overcome. Lateral 
complete particulEU^ 45 
and tateraJ wefcores, Is extremely Irnportant to avoid 
collapse of the welbore in unconeoedated or weaWy 
consolidated formations. Thus, open hole cornptettons 
are umied to competent rock formations; and. oven 
ttiea open hole rxrnpletjor* 50 
is Iknfted control or abffity to access (or reenter the lat- 
eral) or to isolate production zones within the weUbore. 
Coupled wfth this need to complete lateral weflbores is 
the prowvvj desire to maintain the lateral weflbore size 

as dose as possi>le to the size of fhe primary vertical « 
welbore for ease of drittng, completion, and future 
workover. 

(0005) The problem of lateral weflbora (and particu- 



tarty mufU lateral weHbore) completion has been recog- 
nized for many years, as reflected in the patent ftera- 
ture. For example. U.S. Patent No. 4.807.704 rJsctoses 
a system for completing muflipte lateral weibores using 
a dual packer and a deflecuve guide member. U.S. Pat- 
ent No. 2.797,893 dwcioses a method tor completing lat- 
eral wefts using a ftextole liner and detecting tod. U.S. 
Patent No. 2.397.070 similarly describes lateral weB- 
bore cornptotion using ftexfcte casing together with a 
closure shield for closing off the lateral. In U.S. Patent 
No. 2,658.107, a removable whpstock assembly pro- 
vides a means lor locating (e.g. accessing) a lateral sub- 
sequent to completion thereof. U.S. Patent Nos. 
4.396.075; 4.415,205; 4.444JZ76; and 4,573.541 al re- 
late generafy to methods and devices for rnuWateral 
conptetjcmusngatemr^^ 
patents of general hntsrest in the field of horizontal wefl 
completion include US. Patent Nos. £452.920 and 
4,402,551. 

[0006] More recently. U.S. Patent Nos. 5.318.122; 
5,353^76; 5,388.648; and 5.520,252 have rJectosed 
methods and apparatus for seating tie juncture be- 
tween a vertical wefl and one or more horizontal wees. 
In adefitton, U.S. Patent No. 5.564,503 cfisctoses several 
rrtethods end systems for driKng and completing multH 
lateral wells. Furthermore. U.S. Patent Nos. 5,566.763 
and 5.613.559 both disclose decentralizing, centrafiz- 
ing. locating, and orienting apparatus and methods for 
rnuttitateraJ wel drfling and completion. 
{0007] Notwithstanding the 8bcve-described eflorts 
toward obtainhg cost-eff ectivs and workable lateral wel 
drttng end completions, a need st«existelorin?roved 
apparatus and methods for comptobng lateral weft- 
bores. Toward this end there atoo remains a need to 
increase the economy in lateral weflx« oomptotione. 
such as, for example, by mWrrwing the number of 
downhote tops necessary to driB and complete a lateral 
weftbors. 

[0000] The invention relates to apparatus and meth- 
ods for completing a weBbore. In one preferred ernbod- 
toent the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a preseurtza- 
tton assembly deposed between me fwt and second 
packing assemblies to r^icairy deform a Iner in a ra- 
cEalty outward direction vta hydnuiic pressure Another 
preferred ernbodiment uses a Iner having a first section 
and a second section . and a pacfdr^assemby The first 
section is detormabie in a radoBy outward Direction at 
a tower pressure than fhe second section. The packing 
asserribfy is used to pJasticafy deform the first section 
of tie ftner in a radially outward direction via hydraulic 
pressure. 

(00091 One aapectot the prasent irtver^ cornprises 
a cornpteuon apparatus f or oouplng to a work string and 
for use wifwi a liner of a welbore. The completion ap- 
paratus includes a first packing assombry lor creating a 
fluid tight seal against a liner in a welbore; a second 
packing assembly for creating a second fluid tight seal 
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against the iner, and a pressunzation assembly dis- 
posed between fee first end second packhg assenv 

(0010) In arx)thef aspect, the pre^errt Irivertion cxxtv 
prises a method of completing a weflbore. A finer Is ds- 5 
posed h a weftore. A first packing assembly, a pres. 
surization assembly, end a second packing assembly 
are coupled to a work string. The work string is run into 
the finer. A fluid tight seal is created between tie first 
packing assembly arxl the irw. ar* a Burt tight seal » io 
created between the second packing assembly and the 
liner. Fluid is pumped down the work string to the pres- 
surization assembly. The preasunzabon assembly and 
mid are utifized to pressurize an amutus defined by the 
pressurization assembly, the Iner. the first packing as- » 
seme*/, and the second packing assembly. The pres- 
sure to tie anrxdus is increased so as to deform the finer 

In a racfety outward oVectioa 

(0011) In a further aspect, ihapreaeminYsntioncr^ 
prises a methcri erf ccmp*^^ *> 
vided having a first section and a second section. The 
frstsectionisdetorrratoleinar 

at a tower pressure tun toe second section. The finer 
is dsposad In a weflbore. A packing assembly is coupled 
to s work string, and the work string is run into the iner. *s 
A fluid tight seal to created between the packing assem- 
bly and fee finer. Fluid is pumped down the work string 
to pressurize an interior of the Iner after the packing as- 
sembly. The pressure in the interior of the Iner is in- 
creased so as to deform the first section of the Iner in » 
a racfiafly outward ejection. 
(0012] Reference is now made to the accompanying 
arowvigs, w\ wntcn. 

FK3. 1 is a schematic, cross-sectionaf viewof a per- * 
tton of a mukflateraf wei Inducing a Junction be- 
tween the main wetbore and a lateral weflbore; 
FIG. 2 m a schematic, croee-sectionaf view of FIG. 
1 snowing a portion of the sealing operation per- 
formed during completion of the lateral wetbore; *> 
FIG. 3 is an enlarged, schematic, cross-sectional, 
fragmentary view of the junction of FIG 1 showing 
a schematic view of a first ernboc5rr»ent of an appa- 
ratus tor completing the Junction according to fee 
present inventtorr. 

RG. 4 to an enlarged, schematic, aoss-eecttanal 

view of a fast srnbodiment of a packing assembly 

of the correlation apparatus of FIG. 3; 

Fia 5 is an enlarged, schematic, cross -sectional, 

view of a second emborfrrtert » 

Wyoftheccmpleticnarjpar^ 

FIG. 6 is an enlarged, schematic, cross-sectional 

view of a pressurtzation assembly of tto completion 

apparatus of FIG. 3c 

RG. 7 is an enlarged, schematic, top sectional view « 
of an alternative embedment of a lateral finer used 
in correction with the present invention; 
FIG. 6 is an enlarged, schematic, cross-sectional. 



fragmentary view of the Junction of RG. 1 showing 
a schematic view of a second emcocfiment of a 
packng assembly and a finer for completing the 
junction according to the present invention; 
FIG. 9A Is an enlarged, schematic, cross-sectional, 
fragmentary view a first embodtrnant of the finer of 
FIG. B; 

FIG. 96 is an enlarged, schematic. ercee-sectiona}, » 
fragmentary view of a second embodiment of the 
finer of RG . B; and 

FIG. 10 is an enlarged, schematic, top sectional 
view of a second alternative embocfimentof a lateral 
finer used in connection wife the present invention. 

[0013] The preferred sirbocSments of the present in- 
vention and their advantages are best uridenrtood by re- 
ferring to FIGS. 1-10 cr t>ecV»»4nc^. uXenunierals be- 
ing used tor Ifce and cc*TO6fxxx*ng part* of the various 
drawings. In accordance with the preeert kiveritlcri,var- 
tous apparatus and methods tor completir»g lateral wel- 
bores in a multilateral wel are ctescrtoed It wll bo ap- 
preciated that the terms "main* or "primary* as used 
herein refer to a main well or weflbore. whether the main 
weU or weObore is substantially vertical substantially 
horizontal or in between. It wil also be appreciated that 
the term taterar as used herein refers to a deviation 
well or weHbore from the main weB or we I bore, or an- 
other lateral well or weflbore. whether the deviation is 
substantially vertical, substantially horizontal, or in be- 
tween. It wil further be appreciated that fee term "verti- 
caT as used herein refers to a substantially vertical wet) 
or weflbore, and thai fee term TKytzcntaraatised here- 
in refers to a subetanteSy horizontal wefl or woflbors. 
(001 4] In the overall process of driSr^arvJ completing 
a lateral weflbore in a multilateral we", fee toftowtog gen- 
eral steps are performed. First, fee main weflbore to 
drtited, and the main welbore casing b rtstafted and ce- 
mented into place Once the desired location tor a Junc- 
tion is identified, a window is then created in fine main 
wetbore casing using an orientation device, a mutat- 
or at packet, a boeow whipstock, and a series of mills. 
Next, the lateral weflbore to drifted, and a finer to die- 
posed In fee lateral welbore and cemented Into place. 
A mil to then used to Offl through any cement plug at 
the top of fee hoflovr whjpstock and any portion of the 
lateral weflbore Pner extending into the main we fl bo re to 
reestabtiGh a fluid corrrnuncating bore through the main 
welbore. Finally, in some Lateral weflbores. a window 
bushing is opposed within the main weflbore casing, the 
hoflow whipstock. and the mutialoral packet The wirv 
ctow bushing lactates then 

ferougfi the junction bartwenthemari weftoreandthe 
lateral weflbore. 

[0016] The present invention is related toaporttonof 
the atx3v<Hdo»cHbed process, namoy the ccrnpteuon of 
the Junction between the main welbore and a lateral 
welbore. However, as described above, certain other 
steps are performed before such a junction may be com- 
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prfetod. Referring now to FIG. 1, an exemplary junction 
100 between a main wetoore 102 and a lateral welbore 
104 Is Wustrated. Main weUbOfB 102 is <Wted using con- 
ventional techniques. A main welbore casing 106 b ■> 
stalled t> main weObore 102. and cement 106 is dis- 
posed between main weflbore 102 and main welbore 
casing 106. using conventional techniques: 

[0016) A6nearabte work string havir»g a winotow bush- 
ing locating profile 110. an orientation nipple 1l2,amu*- 
titatera) packer assembly 114, a hollow wnbstock lie. 
and a starter mil pilot lug (not shown) is run into main 
welbore casing 106. Certain portions of such a work 
siring are more tuOy disclosed In U.S. Patent Nos. 
5.613,559; 5,566.763; and 5.501.281. The work string 
Is locatedat the proper depth end onertationwthln main 
wdfcore casing 106 using conventional pipe taly enoY 
w gemma ray surveys tor depth and rfieesurernertwhee 
drOing (MWD) orientation for eamutlL Packer aesernbty 
1 1 4 is set against main welbors casing 106 using 
packlrigelerfients, arid convert 

icai. or hydrausc and mec*«nicaJ eetting techniques. 

[0017) Using techniques more completely described 
in the etxxre-feJefenced U.S. Patent Nos. 5.61 a55 9; 
5.566.763; and 5,501.281. whtostock 116 is used to 
guide work strings supporting a variety of tools and 
equipment to drill and complete lateral weft bore 104. 
First e series of mils, such as a starter m». e window 
mill, and a watermelon mil Of ua«d to croale a window 
120 in main wefbore casing 106. Next, a driiing motor 
is used to dril lateral waUbore 104 horn window 120. A 
lateral weflbore iner 122 is twi disposed within lateral 
weflbore 104. and sealant 124 b disposed between lat- 
eral welbore 104 and Iner 122. 

[0016] More specffcaJfy regarding the steps of ols- 
posing and sealing fner 122. ttier 122 preferably has a 
c^nereJ^cyfirwlrteal axial bo^ 
cai external surface. Liner 122 is profitably mado from 
steel steel aJtoys. plastic, or other materia* conventton- 
afy used tar lateral liners. A work string 128 having a 
liner hanger 130. wiper plugs 1 32 and 133. and Iner 122 
is run down main welbore casing 106 untl Uner 122 is 
deflected by fice^whjpstock 118. This deflection caus- 
es Iner 122 to be dfcpc^ in lateral welxxe 104 and 
function 100. Uner hanger 130 and wiper plugs 132 and 
133 remain disposed above window 120. Uner hanger 
130 let>ensetegBJrw4rnajnwe«)C)recasirtg 106 using 
. conven ti onal techniques. 

(0010) Referring to RGS. 1 and Z cementing of laleral 
welbore 104 may be accompsshed by either one or two- 
stage cementing depending on tie length of weflbore 
104. Typcafly. the length of lateral wett>ore 1041s such 
that two stage cementing is preferred In a two-stage 
cementing operation, finer 122 is equipped wth a stage 
cementing toot 138. Stags oementngiod138isiretiairy 
in a first portion that aflowa fluid communication wftNn 
Iner 122 past tool 138. but does not allow fluid commu- 
nication from Uner 122 into the annulus between finer 
122 and lateral welbore 104. A first stage of cement 



124a Is pumped down dnl string 128 and out a tower 
«^l36of 1^1 2Z First »tage of (^mertl 24a epret- 
erabty a cxxwcvtfionaJ cement or conventionaJ hafdana- 
ble resin Next, a conventional wiper dart (not shown) is 

i purrpod down dm ttmg 12B to tend al wiper plugs 132 
and 133 After fcmdng. appfled pressure releases wiper 
plug 1 32 and allows it to be pumped down to, and seal 
off, tower end 136 of finer 122. This tfsp^acerrw* of wip- 
er plug 132 causes first stage of cement 124a to flow 

to throughout the annulus between finer 122 and lateral 
weflbore 104 up to stage cementing toot 138. An In- 
crease in pressure may be observed top hole by con* 
ventiora} pressure measuring 
of wiper ptug 132 in lower end 136. 

is [0020] Conunued appflcatJon of pressure moves 
etapa cementing tool 138 to a second prjekton fiat pre- 
veftoflutteonvnurw^tton wflhtn Iner 122 past stage ce- 
menting toot 136, but slows fluid comm uni cation from 
finer 122 hto the annulus between finer 122 and lateral 

90 waUbore 104. A second stage of sealant 124b b then 
pumped down dffl string 128 and into Iner 122. Next, a 
second wiper dart (not shown) Is pumped down dril 
string 128 to land at wiper ptug 133. After lancing, ap- 
plied pressure releases wiper plug 133 and aJtowe ft to 

*ff be pumped down to. and seal of. finer 122 at etage ce- 
menting tool 138. This cfoptacement of wper ptug 133 
causes second stage of sealant 124b to flow through 
stage cementing tool 1 38 and into the annutija between 
teteral welbore 1 04, main weflbore casing 106, and finer 

so 1 & up to a tr^ portion 1 34 c4 Itoer 122, pc^ toning seal- 
ant 124b throughout junction 100. Once wtoer plug 133 
lands at stage cementing tooM36,ccriuriuedappfcaiion 
of pressure moves stage cementing tool 138 to a thW 
postkan, preventing further circulation or backflow of 

as sealant 124b. 

{0021] Seaianl 124b ie preferably a epedafized mui- 
titaleral junction cemerrtfttous sealant, or a specialized 
muttnateraJ junction elastcmeric sealant A preferred ex- 
ample of such a cemenUkxa sealant is M-SEAUQ sold 

40 by Hal burton Energy Services of CenoAon. Texas. 
Such cementtttous sealants are characterized by reto- 
lively tow ductility and high ccmpr eseivs strength, as 
comparad to such etastomeric sealants A preferred ex- 
ample of such an elastorneric sealant is FLEX-C8M6 

4S sold by KeJfourton Energy Services of Carrcflton, Tex- 
as. Such skwtomenc sealants are duirBctertzed by rel- 
attvely high ductlly and tow axnpresshre strong*, as 
cornpared to such comentlttous sealant*. Mematively. 
conventkx^rjement or a com 

so may be used as second stage sealant 1 24b. 

[00221 herring now to FIG. 3, an enlarged, schemat- 
ic, crass-eeOionaL view of a «»Tpleticn apparatus 200 
according toa first. pm1erTedsrrt)afimentdtlw present 
invention is shown disposed within juriction 100. Com- 
es pietjon apparatus 200 preferably comprises a hoftow 
rrarrirelr»aving a tower packing aseerr*V 202. an upper 
packing assembly 204. and a pressunzaiion assembly 
206. Completion apparatus 200 is preferably coupled to 
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work string 128 above a supporting mandrel 140 for wip- 
er plugs 1 32 and 1 33. and lower packing assembly 202. 
upper packing assembly 204. and presturtzadon as- 
sembly 206 are preferably coupled to each other by tool 
Jotots or other conventio na l means (not shown). Al- 
though not shown in FIGS. 1 and 2 kx cterdy of ttustra- 
tton. Bner 1 22 b preferably formed wfth a no-go shoulder 
142 and an annular polished bore receptacle 144 below 
no-go shoulder 142. 

[0023] As shown in FIGS. 3 and 4. tower packing as- 
sembly 202 preferably includes a seal assembly 205. 
and a no-go sleeve 207 for mating wth no-go shoulder 
1 42 of tner 1 22. Seat assembly 205 preferably compris- 
es a pfcrafty of amute sealing elements 208, such as 
conventtoririCHrtngsorpa^ 
spacer member 210. both of which are disposed wBNn 
an annular recess 212 on tw> external surface of tower 
packing assembly 202. Seeing elements 208 IricUonaty 
engage polshedbore receptacle 144. which is located 
on the inner diameter of iner 122 and generaOy sur- 
rounds annular recess 212. Pceehed bore receptacle 
144 cooperates with annular seaJng efamenU 208 to 
create a fWcMight seal 

{0084] Alternatively, as shown In RGS. 3 and 5. tower 
packtog assembly 202 may comprise a conventional 
packer 220 having sttos 22Z pecking elements 224. and 
actuating means 226. Packer 220 may be hydraufcaly. 
mechanicaly, or hydmuttcafy and rnachanicafy set via 
actuating means 226 so fiat packing etomerts 224 Cre- 
ole a ftoid Unseal against Bner 12Z As shown in RG. 
5. when conventional packer 220 ft used for tower pack 
tog assembly 202, Iner 122 may be formed wthoU no- 
go shoutoer 142, 1 desired. 

[002S] Upc^pecktoga«erT^bV204p<^efabV^^a 
substantia*/ sMar structure to tower padoig assem- 
bly 202 If saeJassernbly205isut«zedfor tower peeking 
assembly 202. upper packing assembly 204 preferably 
utiizes a simlar seal assembly that mates wtth a pol- 
ished bore receptacle located on the inner rJameter of 
finer 122 betow iner hanger 130. If packer 220 is used 
for tower packing assembly 202. upper packing assem- 
bly 204 preferably ufflzes a similar packer designed to 
operate wlWn the inner diameter of Oner 122 proximate 
finer hanger 130. However, as shown in RG. 3, upper 
packing assembly 204 does not require a no-go sleeve. 
(0026) Referring now to RGS. 3 and 6. an enlarged, 
schematic, csoss-eedtonai view of pressurtzatton as- 
sembly 206 is illustrated. Pressurtzation assembly 206 
preferably comprises an a tower sub 250. an upper sub 
252 removably coupled to tower sub 250, and a sealing 
sub 254 disposed wthin tower sub 250. 
[0027] Lower sub 250 preferably todudea internally 
threaded ports 256a and 256b that provide a lutocom- 
rnunicatingpath between an axial bore 258 of tower sub 
2S0andananrtulus146 (FIG. 3) defined by an external 
surface 260 of pressurizatton assembly 206, an internal 
surface of iner 122. tower packing assembly 202. and 
upper packing assembly 204. Conventional rupture 



cfsks 262a and 262b are preferably removably con- 
tained in ports 256a end 256b. reepecUVery. When con- 
tained fci ports 256a and 256b, rupture disks 262a and 
262b create a fluid tight saaJ between the interior of pres- 
5 surizatton assembly 206 and annulus 146. A preferred 
rupture disk for rupture o»ka 262a and 262b i* the disk 
sold by Oklahoma Safety Equipment Ccrnpany (OS- 
ECO) of Broken Arrow. Odahoma. 
[0028] Although not shown In FIG. 6. other conven- 
io ttonal ftukJ bypass devices other than a rupture dsk. 
such as a beJ drop circulating vakrs, an internal pres- 
sure operated cucutaung valve, or other ccnventtonal 
ortajtating vafce may be operative* coupled wflh ports 
256a and 256b. A preferred internal pressure operated 
if drcutattogvatobtheTOa^^ 

fburton Energy Services of Carrotton. Tens. AS of 
these luto bypass cwvtoes, Ircludlng rupture cSsks 262a 
and 262b, have a first mode of operation thai does not 
aflow fluid to flow trough ports 2S6aaj)d2S6b Into an- 
te mius 146, and a second rTv^cfcceratton that a9^ 
fluid to flow through ports 256a and 256b into annulus 

14a 

(0029] Lower sito 250 also preferably includes ports 
264a and 264b. Each of pons 264a and 2640 provide a 

*s fluid cevrvnurkating path between the interior of pree- 
aurfeation assembly 206 and annulus 146. Axial bore 
256 pref eraWy has an annutar shoulder 265 and threads 
267 disposed above ports 264a and 264b. 
{00301 Sealing sub 254 pref erabry hctudee an arwu- 

» lar supporting rnember 266 and an arinuiar. etaetomerte 
sleeve 266 coupled to a tower end of supporting mem- 
ber 266. Stoeve 268b preferably acfiesl^ 
supporting merrier 266 along a portion 270 and shoul- 
der 272 of support member 266. Wh«n coupted togeth- 

* sr. surpporting member 266 and sleeve 266 define an 
axial bore 274 and an external surface 276. External 
surface 276 has an annular recess 278 proximate ports 
264a and 264b; a shoulder 290 tor mating with shoulder 
265 of lower sub 250. and an annular stot 282 above 

40 annular recess 278. An o-rtng 284 Is disposed in stot 
282 and creates a fluid tight sea) between sealing sub 
254 and tower sub 250. In Us undetected poexton. as 
shown in FIG. 6, a tower end 286 of sleeve 268 creates 
alhiWtto^seaJaoairistaxJalbore 258 of tower sub 250. 

45 [0031] upper sub 252 preferably Includes an axial 
bore 288. an external surface 280. and a tower end 292. 
External surface 290 preferably includes an annutar 
shoulder 2S4 for mating with tower sub 250, an annular 
stot 296. and threads 298 tor removably engaging 

60 threacto 267c* tower sub 250. An o-ri^ 

within armutar stot 296 to create a fluid tight seal be- 
tween tower sub 230 and upper sub 252 Lower end 292 
abuts support member 266 of seasng sub 254. 
{0032) Having described »>e structure of coriptaiori 

ts apparatus 200. the operation of corryteuon apparatus 
200 so as to complete junction 100 wffl nowbe described 
in greater detail Referring to FIGS. 1 -6 in combination, 
after wiper plug 133 is landed at and seals off. stage 
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portion 134 of Iner 122. Excess sealant within work 
string 128 and above top portion 1 34 of iner 122 it then 
circulated out of the wot 

[0033] NexLworkstrtng 128 is run Into finer 1 22 until ' 
no-go sleeve 207 of tower pactang assembly 202 ccn- 
tacts no-go shoulder 142 of Sner 122. At this point, a 
flutf Unseal to created between seaJ 
lower packing assembly 202 and polished borerecep- 
tade 144 of finer 122. Aftemaflvely. I packer 220 is uli- »* 
feed as lower pecking assembly 202. packer 220 b set 
to create a fluid tight seat against finer 122. Also at this 
pott, a fuid tight seal is created between upper packing 
assembly 204 and iner 122 in a manner subetanttaBy 
•Mfar lo ihat oeserM timaotetely above tor lower " 
packing assembly 202. No^stwulder 142of iner 122 
Is positioned wttto lateral we O oo re 104 eo that lower 
packing assembly 202 is located below window 120, 
and eo that upper packing assembly 204 Is located 
above window 120. within function 100. 
[0034] When lower packing eesembfy 202 and upper 
packtog assembly 204 use seal assemblies 205. the 
pressure on the drflfcignruxl, water, or other fluid already 
within annul* 146 wil Increase as lower packing as- 
sembly 202 and upper packing assembly 204 seel 
aganst liner 122. Before no-go sleeve 207 engages no- 
go shoulder 142. such an increase in pressure. appBed 
across the dfTerertial areas of lower packing a**embry 
202 and upper packing aaeembry 204, may cause a hy- 
draulic lock effect preventing furfur insertion of work 
string 128 into Iner 122. Inaddtion. whan lower packing 
assembly 202 and upper packing assembly 204 use 
cenvenikx^ptt*ers220,as^ 
may creels problems tor conventional packers 220 that 
employ a downw ar d setting motion. 
(003S] However, such an Increase In pressure b re- 
lieved by seeing sub 254 of preseurtadion assernWy 
206 h the totowvig manner. f>» to the 
sure, fluid enters ports 264a and 264b to the point where 
H ABs annular recess 278. The pressure in annular re- 
cess 278 builds to fie point where lower end 286 of elas- 
tomer* sleeve 266 temporariy deflects inwardry. un- 
seeing from axial bore 258 of lower sub 250 Suchun- 
saefing aJtow* fluid lo flow from annular recess 278 into 
theWertorofpressurizat^ 

pfsssure n armutus 146 and eu^nating the ebove-de- 
scrt>odhydrauiclock problems. 
(0C36) Nsxtefluid tight seal is cre«Bd prujomote the 
end of work string 128 below lower packing assembly 
202. Such a fluid tipjht seal is preferably formed usinga 
wve-fine plug, by pumping a plug down work string 128. 
or other conventional techniques. A preferred ptog is the 
X-LocWi Plug sold by Halfiborton Energy Services of 
CarroOton, Texas. 

[0037] Next, a iuid such as water or oWSng mud is 
purTxxxioownwork string 128. Due to the fluid tight seal 
created by the plug at the end work string 128. the pres- 
sure within pressurizat bn assembly 206 is increased to 



the posit where rupture disks 262a and 262b rupture. 
The rupturing of rupture disks 262a end 262b places the 
hierter of pressurizatwn assembly 206 in fluid commu- 
nication with enrtutus 146 via ports 256a and 256b. Al- 
ternatively; fl a fluid bypass device other than rupture 
disks are utilized, such pressurization causes the fluid 
bypass device to enter its second mode of operation thai 
alows fluid to flow through ports 256a and 256b to an- 
num* 146. 

[0008) Next, the pressure wihin work string 128. and 
tujsannuhis 146, b preJerBbry conU^ucHisly and gr^ 
uafly increased eo as to ptasticaty detorm the portion of 
knar 122 between lower packing asserrx>ry 202 and up- 
per packing assembly 204 raofafly oaward loweid win- 
dow 120. main welfcore casing 106. and lateral wel bore 
104. It wil be appreciated that I a cernenlSious sealant 
or convertional cement to used tor eeatant 124 proxi- 
mate Junction 100. such deformation of iner 122 must 
occur before the cernentkious sealant or cement haroV 
ens. However. I an elastomer* sealant is used for seal- 
ant 124 proximate junction 100. such delormation may 
occur before, or after, the elastomeric sealant hardens 
due to the ductUty of the sealsnt 
[0039] Such deformation of liner 122 provides signif- 
icant advantages in the completion of junction 100. First 
as Iner 122 is deformed raofefiy outward, sealant 124 
in me portion of the artnutus between liner 122. main 
wettoore casing 106. and lateral welbore 104 within 
junction 100 Is placed in ocmpression. Such compres- 
sion provides a higher pressure rating tor junction 100 
during subsequent completion or rx«kictioncperations 
in the multilateral wefi. 

[0040] Secorxt because wi«tow120ieo^fsiedb^ 
ttereecbon of cyflndrical main we«boiecaaing106and. 
generaty cyGndricaJ lateral weflbora 104. window 120 
has a general eftptical shape, with e major axis gerv 
aialy paiaflel to the tonpjtudhd 
casfig 106. Therefore, the outward detc<rnation of finer 
1 22 works to close twjonts or gaps between liner 122 
end window 1 20 present at the top and bottom of win- 
dow 1 20. Such joint closure in turn minimizes leak paths, 
and *u* leaks, within jiinction 100. in situations where 
tie outward ©^formation of Iner 1 22 rnay resufl h metal 
to metal contact of finer 122 end window 120, lie pref- 
erable lo use a reinforced iner 122 to insure that any 
lagged or sharp edges on window 120 oorx* pierce Oner 
122. 

{0041] Thkd. the outward deformation of finer 1 22 kv 
creases the inner cSameter of finer 122. Thb increase in 
nner diameter resutts in a larger flow pati for pekoloum 
from laterai weftxxe 104. increasing the productrvty of 
tie weH. This increase in inner diameter atsoresutsin 
a larger clearance IwctownhoJe toots to enter and exit 
lateral welbore 104 during subsequent completion or 
production operations 

(00421 It vrffi be appreciated mat attar oner 122 has 
been deformed radtaBy outward via hyoVaufc pressure 
as descrbed hereinabove, a second work string with a 
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sizing mandrel may optional/ bo run down main wel- 
bore casing 106 and through Junction 100 to insure ad- 
equate deformation of Oner 122. 
[0043] FtelemngnowtoFIG. 7. sn enlarged, schemat- 
ic, top sectional view of an atemate kalerml bner 122a s 
that may be used in connection with completion appa- 
ratus 200 is illustrated. Lateral Iner 122a b kxmed with 
a grooved Internal surface 500 and a grooved external 
surf ace 502. Liner 122a thus preferabVhasaero&s-sec- 
ticn 504 resembling a beBows.The geometry c>f grooved to 
surfaces 500 and 502 fatittate the outward rjetormation 
of iner 122a at lower pressures. A lower pressure re- 
quirement lor the outward deformation of iner 122a in 
turn reduces tie risk of tafture of the seats created by 
towvpacidrtgasserrfcry2G2arKli 14 
My 204. In addtton. at compared to a Iner wlha gen- 
erally cyftotcal crosi section, Iner 122a provides a 
tarpsr. expa nded outer diameter from a smafler, undo- 
formed, run In outer diameter As shown ti FIG. 7. 
grooved surfaces 500 and 502 preferably comprise 
grooves having a •srweoidar croes-section. However, 
grooved surfaces 500 and 502 may alternatively com- 
prise grooves having a "saw tooth', •square tooth*, or 
other cross-sectional geometry. In adrftion. preferably 
only the portion of liner 1 22a between tower packing as- 
sembly 202 and upper pacHrig ass 
with grooved external surface 502. and the remainder 
at Iner 122a is kxmed wth a general cylindnc^ exter 
rtaJ surface. 

[0044] RefermgncwtoRG 8,aner^rgrjd. schemat- 
ic, eroee-eectionai, view of a paclung assembly 600 and 
a Iner 602 aocorolng to a second, preferred errtxxfi- 
ment of Ihe present invention are shown d isp osed within 
Junction 1 00. Packing aasemWy 600 ie preferably cou- 
pled lo work string 128 above supporting mandrel 140. 
a rid pacHngasasmbry 600 pr« 
ly identical structure to upper packing assembly 204 of 
cxxnp l etkxi apparatus 200. Liner 602 te or eterabfr com- 
prised of an upper section 604, a lower section 606, and 
a loot joint or other conventional coupling mechanism 
606 coupling upper section 60S and tower section 606. 
ABernatrvery. iner 602 can be machined to have upper 
section 604 and lower section 606. without the need tor 
a coupung mechanism 606. 
[0045] If seal assembly 205butateed lor packing as- 
sembly 600, Iner 602 preferably Includes a potshed 
bore receptade610 located on the toner rjameterof in- 
er 602 below fner hanger 1 30. If packer 220 is used lor 
packing assembly 600, pofished bore receptacle 610 
may be eGrntoated, if desirad 
[0045] As shown in FIG. 9A. upper section 604 and 
tower section 608 are made from the same material or 
casing grade. By way of Btost ration onry. both upper sec- 
tion 604 and tower section 606 may be maoW casing 
grade API M-80, which has a yield strength of appro*** 
mately 80,000 psi (552 MPa). Upper section 604 pref- 
erably has a generaJy cylindrical axial bore 610 and a 
generally cylindrical external surface 61 2. Lower section 



606 preferably has a generally cylndrtoalaxtalbore614 
a generally cylindrical external surface 616. However, 
upper section 604 has a wall thickness 61 8 smaferffan 
a wal thickness 620 of tower section 606. 
(0047] As shown in FIG. 96. upper section 604a pref- 
erably has a generaty cylindrical axial bore 610a and a 
generaJy cylindrical external surface 612a Lower sac- 
tion 606a has a genemly cyindricaf axial bore 614a a 
generaty cyindrca! external surface 616a. Upper sec 
tion 604a has a wal Wckness 618a substantially iden- 
tical to a wall Wckness 620a of tower section 606a. 
However, upper section 604a and lower section 606a 
are made from dHlerent materials or casing grades. 
More specficaB* upper section 604a is mads fsam a 
material or casing grade having s tower yield strenglh 
tun the material or casing grao* of tower section 6t»a. 
By way of lustration only, upper section G04a may be 
made bom casing grade API K 55, which has a view 
strength of approximately 55,000 psi (379 MPa), and 
tower section 606a may be rnade of casing grade API 
M-80, which has a yteW strength of approximately 
80.000 psi (552 MPa). 

(00481 In FIG. 9 A. upper section 604 may also be 
made trom a casing grade having a tower yield strength 
that the castog grade used to make tower section 606. 
Although not shown in FIG. 9B. upper section 604a may 
also be formed with a smaller wall thickness 61 8a than 
wan fticknese 620a of tower section 606a 
[0049] Ittobesavedlhetbyvan/ingthewd^ 
anoVbr castog grade of upper section G04 relative to tie 
wafi thickness and/Of casing grade tower seciton 606, 
as described her etoabove. the design of lew 602 may 
be optimised so ftat tor a gwen intemal pressure, upper 
eectton 604 plastfcaOy deforms in a radiafy outward oV 
rectxxv and tower section 6X)6doeenc<exhto*substarv 
am raossj oerormaDon 

[DOSq Having described the structure of packing as- 
sembly 600 and koer 602. the operation of those appa- 
ratus so as to complete junction 100 will now be de- 
scribed in greater dotal. Referring to FIGS. 1. 2, 4. 5, 8. 
9 A and 9B to combination, after wiper plug 133 is land- 
ed at and seals ofl. stage cementing tool 130. work 
string 128 is pulled above top portion 134 of sner 602. 
Excess sealant wfthin work string 128 and above top 
portion 134 of Bner 602 is then circulated out of the wel. 
[0061) Next, work string 128 • runinto Sner 602 until 
seal assembly 205 of packing assembly 600 creates a 
fluid tight seal against polished bore receptacle 610 of 
iner 602. An increase in pressure may be ooservedtop 
note by conventional pressure measuring devices when 
seal assembly 205 is property seated against pofshed 
bore receptacle 610. Aftemalrvely. i packer 220 is irti- 
bed as packing assembly 600. packer 220 is set to cre- 
ate a ftoid tight seal erjainst finer 602 be^ 
130. 

[0062] Next, a fluid such as water or doling mud is 
pumped down work string 128. rxie to the fluid tight seaJ 
created by packing assembly 600 against ttoer 602. fluid 
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©ventuaDy f t* al o< fcner 602 botow padung asaennbry 
600 down to wiper plug 1 33 sealed in Mage cementing 
tool 138. The pressure wtthin work string 128. and Ihus 
Iner 602. it preferably continuously and gradual? in- 
creased ao at to ptesticaJly detorm upper taction 604 
raolaty outward toward window 120. the portion of main 
wefeore easing 1 06 proximate window 1 20. and fte por- 
tion of lateral weflbore 104 prooomate window 120. As 
tie deformation of upper section 604 occurs, tower sec- 
tion 606 preferably does not exhb* substantial radial 
deformation. 

[0063] Such deformation of upper section 604 pro- 
vides substantial* fee same, skjrufcant acVantages in 
tie completion of Junction 100 as deecnoed herein- 
above tor cornptotion epparatus 200. m adoWon, upper 
section 604 may be tormed wUh an external surface 61 2 
timber to proved external surface 502 of RO. 7. •de- 
sired 

[0064] Referring now to FIO. 10. an enlarged, eehe- 
mattc, tap sectional view dan atemale lateral liner 700 
that may be used in connection wit* cort^stton appe- 
lates 200, cr n the upper section 604 ct 
frustrated Uner 700 has an interior cress-section 702 
made from steel, steel aJtoys, plastic, or other generally 
non-elastorrwrte materiais ccrwenuonalV used for later, 
a! iters. Interior cross-section 702 rxss an axial bore 
704. Liner 700 further has an exterior cross-section 706 
mad© from rubbef or anoCher conventional etastomenc 
material When iner 700 is surrounded by seatent 124 
and piasticaily determed as desenbed horeinabove. ex- 
terior cross-section 706 insures an adequate seal of 
Junction 100. Alternatively, finer 700 may be plastically 
deformed as desrxtxrtheretiabove but without f>e use 
of sealent 124 In certain oornptotlons. In such comple- 
tions, exterior cress-section 706 •aefeeafcagaeist win- 
dow 120. mahweeVxe casing 106. a/^ 
104. 

[0056] From the above, oneskflled in ths art wffl ap- 
preciate ttiat the present invention provides improved 
apparatus and methods for completing weflboree The 
present invention provides such improved completion 
without InhWting the amount or rate of wel prorAjctton, 
or substantia^ increasing the cost or ccmpiexty of tie 
complotk)nofftowett>ore.Sigr^^ 
vention aflows the operations of running a lateral liner, 
«eafr>g a lateral liner, and piaatica&y oofocmng a taterel 
liner to be aooorrpHshed in a saigto ctowrtrxxe trto. The 
apparatus and methods of tie present invention are 
econcvrteltomarwfac^^ 
hols Bpceca t ione 

[0066) Ths present rrvention Is ifluatratsd herein by 
example, and various rtxxSicatkxis ma* be made by a 
person of ordinary skll In the art . For example, numer- 
ous geometriee anaVor relative dkrxxtstons coukJ be al- 
tered to accornmodats spedhc applications of tie 
present invention. As another example, a though the 
presem invention has been described in connexion win 
the cornpletion of a Junction between a main weflbore 



and a lateral weflbore in a multilateral we*. I is futyap- 
pfcafote to the completion of a junctfen between a lateral 
weflbore and a second lateral wefeore extending from 
the talon*) weCbore. to coaptation operations performed 
5 h other portions of a lateral weB>c*e cine* than such a 
junction, to completion operations performed fan other 
portions of a main weflbore. to casing repair operations, 
or to window closures. 

f00£7] ftbthusbefleved that the operation and cen- 
to stnjcticn of the present invention wtH be apparsni from 
the foregoing detention. VVhse tx* rnethod end appa- 
ratus shown or deserted has been characterized as bs- 
hg prefened ft wtt be obvious that various charxjes and 
modrfeations may be made. 

** 



1. Aocnx>ieUonappajatiJ8fc<coup 

so (128) and tor use wtthin a tiner (122) of a we*xxe. 
ccmpfkung; a first packing ixu^mbV (202) tor cn> 
aiing a fluid tight seal ag3Jr«tt>eSner(122);asec- 
ond packing assembly (204) for creating a second 
fluid tight seal against the liter ( 1 22); and a pros 

ss surization assembly (206) disposed between the 
first and second packing assemblies (202.204). 

2. A completion apparatus according to claim 1. 
wherein tie preseurization assembly (206) com- 

JO prises a port (256a, 256b) opening to an annutus 
(146)defMbythepressunzation assembly (206). 
the Bner(122X the first packing assembly (202). and 
the second flecking assembly (204). 

w X A completion apparatus according to data 2. fur- 
ther comprising a fluid bypass device operatlvery 
coupled wfth the port <256a,256b) lor not aJowfcig 
fluid corrvmjnicatbn with the ennutus (146) in a first 
mode of orjeration. and for allowing hydraulic pres- 

40 surtzalion of the annukis ( 146) in a second rnode of 
operation. 

4. A cornpletion apparatus according to claim 2. 
wherein tie preseurization assembly (206) corn- 
's prises a seccod port (264a^64b) and a seaMngeub 
(254) cperativery coupled with the second port 
(2B4aJ264b) tor relieving pressure in ths annutos 
(1 46) when the first and second pacing assenxte 
(202,204) are sealed against the finer (122). 

6. A completion apparatus accortfng to daim 3 or 4. 
wherein the hydraufc or essurizalion of tho arvurfus 
(146) causes a portion of me finer (1 22) between 
tie first pecking assembly (202) and tx* second 

ward direction. 
6. A completion apparatus according to claim 3, 4 or 
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5, wherein toe fluid bypass device comprises a rup- 
ture d«fc(262a£62b). 

7. Acornpleudn apparatus according to any preceding 
claim, wherein the finer (122) b adapted to be dis- 
posed within a Junction (100) b et w ee n a main wefi- 
bore (102) and a lateral wettxxe (104) ins mumta!- 
eral weiL 

8. A completion apparatus a oor o * tg to anyprecedinQ 
claim, wherein the first and second packing assem- 
bfiee (202,204) cornphM sea) assemblies that mate 
with pofished bore receptacles (144) located in the 
finer (122). 

ft. A completion appar a t u s ac cord*^ 

claim, wherein 8m first and sscond packing aseenv 
bfies (202^04) comprise packers. 

10. A completion apparatus according 10 any preceding 
claim, whereto at toast a portion ot the liner (122) 
has grooved internal and external surfaces. 

11. A completion apparatus according to any preceding 
claim, wherein at least a portion of me liner (122) 
has an totorior cross-section made from a generally 
norvetastornerfc material, and an exterior eross- 
section made from a generally etect omenc material. 

12. A completion apparatus according to any preceding 
claim, wherein the watibore is a lateral wefibore 
(104). 

13. A me8tod of completing a wefibom, comprising the 
steps ot: deposing a finer (122) in a weUbore; cou- 
pftog a In* pacfctog aeaembry (202). a pressurtear 
tbn assembly (206), and a second paclung assem- 
bly (204) to a wort string (128); running the work 
string (1 28) into the finer (1 22); creating a fluid tig* 
eead between the first packing assembly (202) and 
the finer (122); creating a fluid tight seal between 
the second pacldng assembly (204) and the finer 
(122); pumping fluid down the work string to the 
preesurtzalton assembly (206); uti&ng the pree- 
surfcation assembly (206) and the fluid to preesu- 
rtze an armutue ( 1 46) defined by the prsseuruHtion 
assembly (206). the finer (122). too first pa cking as- 
sembfy (202). and the second pacldng assembly 
(204); and increasing a pressure in the annuJus 
(146) so as to deform the finer (122) in a radtafy 

14. A method according to darn ia *her*in the utilz- 
ing step co m pri ses actuating a fluid bypass device 
in the preaeurization assembly (206) to provide a 
fluid oomrnun testing path between an interior of the 
preasurization assembly (206) and the anrtutus 
(146). 



15. A method according to ctaim 13 or 14, wherein the 
first and second packing assemblies (20Z2O4) 
comprise seal assembles thai mate wth potshed 
bore receptacles (144) located in the finer (122). 

5 

16. A method according to daim 13, 14 or 15, wherein 
the first and second packing assembles (202,204) 

10 17. A method according to daim 13. 14, IS or 16, 
wherein at toast a portion of the finer (122) has 
grooved Internal and externa! surfaces. 

18. A method a cco r d* >g to any one of claims 13 to 17. 
f « further comprising toe step of fluldy seeing the 
work string (128) prrjoornate the first packing assem- 

bry(202) 

18. Arnethcdaecc«dtogtoanyoneof ctafcne 13 to 18. 
m wherein the step of disposing the finer (122) com- 
prises: coupfing the finer (122) to en end ot the work 

string (128); and running the work string (128) into 
theweUbore. 

& 20. A method according to claim 1 9, further comprising 
the step of dsspcetog e sealant (124) to a second 
armuJus defined by the liner (1 22) and the weBbore. 

21. A method acoorolng to claim 20 whers^ 

90 dispos*>g aeatoTl (124) comprises pumping sealant 
twoufr the work string (128), the second packing 
assembly (204). the pressurization assembly (206), 
t» On* pacldng assembly (2^ 
and into the second anrarlus. 

3S 

22. Amethodaccordtogtaanyoneof de^ 
wherein at least a portion of the finer (122) has an 
interior cross-section made from a generaly non- 
etestomeric maJertaJ, and an exterior croes-section 

40 made from a generally etestomertc material 

23. Arriethodacoordtogtoarwonoof cttrns I3to22, 
wherein the Disposing step oompfbMdtopotingthe 
finer (122) in a junction (100) between e main wefl- 

45 bore (102) and a lateral weftoore (104). 

24. A method according to daim 23, whereto the run- 
ning step comprises running the work string (128) 
into the finer (122) untfi the first packing assembly 

to (202) is drsposed after the function (100) and the 
second packing assembly (204) is dnposed betore 
the function (100). 

25. A method of completing a wefibore, comprising the 
« steps of. cOspoetog a Uner (602) to a weMbore. the 

finer (602) having a first section (604) and a second 
section (606), the first section (604) being deform- 
able in a racfialry outward direction at a lower pres- 
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sure thai me second section (606); coupling a 
packing assembly (600) toe work string (128); run- 
ntog the wort string (128) into the liner { 126); cre- 
ate a fluid tight seal between the packing awem- 

string (128) to pressurize an interior of the iner 
(602) after tie packing assembly (600); and in- 
creasing a pressure in e>e interior of the liner (602) 
so as to deform the first section (604) of (he iner 
(602) in a racfaty outward direction 

26. A mefiod sccordhg to ctaJrn 25, wherein the first 
•action (604) and the second section (604) are 
made from an identical casing grade, and the tret 
section (604) has a smaler we! Mcfcnaas toan fte 

27. A metfxjd accefdng to daim 25, whereh the first 

and ths second section (604.606) have en 
identical wafl Wetness, tie first section (604) is 
madefromafinrt caebg grade, end t» 

tion (606) fe made from a second casing grade hav- 
ing a yield strength higher than the first casing 
grade. 

28. A method according to daim 25, wherein: the first 
•action (604) is made from a first casing grade and 
has a first wal ttickness; and the second section 
(606) is made from a second casing grade having 
a higher yield strength than the first casing grade, 
and the second section (606) has a second wal 
thickness greater than the first wol thickness. 

291 AinethodacoonJngtoanyoneof claims 25 to 28, 
wherein ft* packng assembly (600) ccrnpriees a 
seal assembly tie* mates wtt) a poithad bora re- 
ceptacle (610) located in 9ie sner (600). 

30. A metvjd accortSng to any one of claims 25 to 29. 
wherein the packing assembly (602) comprises a 
packer. 

31. A method accordtog to any one of cteima 25 to 30. 
wherein at least a portion of the first section (604) 
of the sner (602) has grooved internal and external 
surfaces. 

32. Amelhodaccorolngtoanyoned daim 25 to 31. 
wherein the step of disposing the finer (602) com- 
prisee: coupling the liner (602) to an end of the work 
string (128). and running the work string (128) into 
the weflbore. 

33. Ameth«Jeccord*gtoariyor^ 

further conprisiig the step of rJspceJng a seatont 
(124) in an annulus defined by the finer (602) and 
the welbore. 



34. A method according to daim 33, wherein tie step 
of ofspceJng seatont (1 24) comprises pumpngeeaj- 
ant through the work string (128). the packing as- 
sembly (600). and tie Iner (602), and into tie arv 

5 nulus. 

35. A method according to arty one d claims 25 to 34, 
where* the first section (604) has an Hsriorcmcs- 
sectkximadefrcmagenerafy 

ie teriai and an exterior cross-section made from a 
generaly etetomaric material 

36. A method according to any one of daJms 25 to 35, 
wherein the disposing stspujuipi e^ 

is fa(^**)un^V0Z)bctw™iicrmk\w^ 
bora (102) and a lateral wefcore (104) so that the 
first section (604) extendi ttrouflhc* to function 
(100). 

so 37. A method according to daim 36, wherein the run- 
rung step cornprisee running the work string (1 28) 
into the Sner (602) untl the packing assembly (600) 
is disposed before the Junction (600). 

as 
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